Abstract. I censused forest canopy birds from two emergent trees in lowland wet forest in Costa Rica from April 1985 to May 1986. Composition of the canopy avifauna did not differ overall between census sites. I recorded 89 species and 2,944 individuals during 49 censuses. Forest canopy was dominated by frugivores, especially large-bodied (> 100 g) frugivores, and parrots. Furthermore, in contrast to the avifauna of forest canopies in Panama and Peru, I found that the canopy avifauna was primarily composed of forest species, rather than scrub species. Most species occurred in intra-or interspecific flocks. I found that the abundance of small frugivores and small insectivores was seasonally variable. Extent of seasonal variation in fruit crop sizes of Dipteryx panamensis may have contributed to the annual variation observed in psittacids. Avifauna of the forest canopy, with few exceptions, was distinct from the understory avifauna; few of the common understory species were recorded in the canopy. Further, in contrast to the canopy avifauna, the understory avifauna was dominated, in terms of species number, by insectivores.
INTRODUCTION
Bird species that live in neotropical forest canopies comprise 40 to 50% of forest bird species (Stiles 1983 and leaf loss than understory trees and shrubs (Opler et al. 1980 ). Canopy habitats have more seasonal populations of insects than do understory habitats (Fogden 1972 , Smythe 1982 . For these environmental and biotic reasons, birds of the forest canopy are predicted to be more variable seasonally than understory birds (Pearson 1971 , Karr 1976 .
To test the prediction of greater seasonality in canopy bird assemblages, I censused birds from two emergent canopy trees in lowland wet forest of Costa Rica. This canopy study is the first that reports results from more than one location in a forest canopy. Furthermore, because this Costa Rican forest is less seasonal and wetter than the forest censused in Panama (Greenberg 198 l), it provides a good comparison to evaluate the degree of seasonality of birds in the Costa Rican canopy relative to the Panamanian forest canopy. I evaluate seasonality of canopy birds, variability between census trees, and compare those canopy results with ongoing bird studies of the understory avifauna. I divided canopy birds into nine major guilds based on size and diet to evaluate seasonal changes in abundance of birds in relation to their primary resources. These guilds were small-(< 100 g) and large-bodied (> 100 g) frugivores, seed predators (parrots), small-and large-bodied insectivores, nectarivores, frugivore-nectarivore-insectivores, raptors, and scavengers (see Appendix). Both small-and large-bodied frugivores also take insects, and some (e.g., Ramphastos) take lizards and frogs (Skutch 1972) . My goal was to distinguish birds that regularly eat fruit from birds that rely almost entirely on insects. I did not distinguish fruit dispersers (e.g., Ramphastos) from some seed predators (e.g., Columba), but I did distinguish parrots as a separate guild because their bill morphology results in little overlap in diet with other fruit and seed eaters (pers. observ.). Most large-bodied insectivores (e.g., Monasa) also take small vertebrates (Skutch 1972; Pearson 1975; Sherry 1983; Stiles 1983 ; pers. observ.). Nectarivores also eat insects and spiders. I did not separate either nectarivores or frugivore-nectarivore-insectivores by body size. Raptors and scavengers accounted for only 1.4% of birds seen, and further division of these guilds seemed unwarranted. I realize that these (1983, 1985, 1987) .
METHODS

RESULTS
GENERAL COMPOSITION
I recorded a total of 89 species, including 82 species from Tree 1 and 72 species from Tree 2 (Appendix). A majority of species (75%) averaged fewer than one individual per census (Fig.  1) . Distribution of species among different abundance classes (Fig. 1) did not differ betweeen census sites (x2 = 2.64, df = 4, P > 0.60). With all censuses combined, however, significantly more species were seen on average from Tree 2 (28.8 species/census) than from Tree 1 (24.9 species/ census) (two-tailed t-test, t = 2.32, P < 0.05, Table 2 ).
Species composition and abundance patterns were similar between the two trees. Of the 20 most common species in each tree, 16 species were shared between the two trees (Table 3) . These 24 species (from the 20 most common species at both trees) accounted for 76.5% and 77.6% of all individuals recorded from Tree 1 and Tree 2, respectively.
Frugivores (including parrots) clearly dominated this canopy avifauna, with 18 (75%) of the most common species representing those guilds and only four (17%) representing insectivorous species. Nectarivores and frugivore-nectarivoreinsectivores each were represented by one species among the 24 most common species. In addition, the canopy assemblage observed from these two trees was dominated by species found primarily in forest habitats. Nineteen (79%) of these 24 common species are primarily forest canopy species (based on Stiles' unpubl. Checklist of La Selva Birds; Blake et al., in press). The remaining five species (Chestnut-headed Oropendola, Montezuma Oropendola, Masked Tityra, Whiteringed Flycatcher, and Shining Honeycreeper) are more frequently found in forest-edge habitats. In addition, nine of the 10 most abundant forestcanopy birds observed in this study from both census sites forage most often in intra-or interspecific flocks (Table 3) Table 2) .
In contrast, I observed more individuals from Tree 1 during late dry season 1985 than in any other season (one-way ANOVA, SNK multiple range comparisons, P < 0.05) ( Table 2 ). There was no significant difference in the number of individuals observed from Tree 2 among seasons; however, no comparable censuses were conducted during late dry season 1985 (Table 2) . I recorded the fewest individuals during early wet season from both trees (Fig. 2, Table 2 ).
Absence of temperate migrants during early wet season accounted only minimally for the lower abundance of canopy birds during this season (see Loiselle 1987a) (Fig. 2) Large-bodied frugivores (LFRU), the most abundant guild, showed nearly significant seasonal variation in censuses from Tree 1 (KruskalWallis H = 7.7, df = 4, P = 0.10) but not from Tree 2 (K-W H = 2.6, df = 3, P > 0.45) (Figs.  3, 4) . Seasonal variation in Tree 1 was due to a large dry season peak in 1985 and when this season was excluded from analysis, no significant seasonal variation occurred (K-W H = 0.6, df = 3, P > 0.80).
Abundance of small bodied fi-ugivores (SFRU) peaked during the late wet season in both trees (Figs. 3,4) . Small-bodied insectivores (SINS) also had similar seasonal patterns in both trees with highest abundance recorded during late dry season 1986. These two guilds showed significant seasonal variation in Tree 1 (SFRU: K-W H = 9.8, df = 4, P < 0.05; SINS: K-W H = 18.2, df = 4, P < 0.01) and approached significance in Tree 2 (SFRU: K-W H = 6.5, df = 3, P = 0.09; SINS: K-W H = 7.6, df = 3, P < 0.06). Parrots showed significant seasonal variation in abundance from Tree 1 only (K-W H = 11.4, df = 4, P -C 0.05), but showed no seasonal variation when the late dry season of 1985 was excluded (K-W H = 5.2, df = 3, P > 0.15). Other guilds contributed less to total canopy avifauna and showed little seasonal variation in either tree. Only raptors, which peaked during early dry season 1986, showed significant seasonal variation atTreel(K-WH=14.6,df=4,P<O.Ol) (Fig.  4) . I did not examine seasonal patterns of scavengers because too few were observed in the census area. Although I observed seasonality in some guilds and overall in the La Selva canopy, the degree of seasonality was less than that reported for BCI (Greenberg 1981). Higher seasonality at BCI probably was due in large part to the higher abundance of temperate migrants, particularly Baybreasted Warblers, in the BCI canopy (Loiselle 1987a).
RESOURCE ABUNDANCE AND SEASONALITY
In general, one might expect that seasonal changes in avian guilds should reflect patterns of resource abundance (Stiles 1980 (Stiles , 1985 Wheelwright 1983 ; Martin and Karr 1986). Abundance of small frugivores did, in fact, peak during the period of peak fruit abundance (late wet season) at La Selva (Frankie et al. 1974) . Abundance of large frugivores, however, did not peak during this period. The influence of a major fruit crop to bird abundance is illustrated by Tree 1 (D. panamensis). Parrots often fed heavily on fruits of Dipteryx trees, which normally fruit from November to March (Frankie et al. 1974) . During late dry season 1985, Dipteryx crops were large and many White-crowned Parrots were foraging in the census tree and in nearby Dipteryx trees (Fig. 3) . In contrast, the Dipteryx crop in the census tree was not as large during dry season 1986 as in 1985 (pers. observ.) and fewer parrots were present.
Abundance of small insectivores also appeared to be related to resource levels; their abundance was highest during periods of leaf flushing (late dry-early wet season), a period of high insect abundance (Fogden 1972; Wolda 1978 Wolda , 1982 and insect activity (Janzen 1983). Moreover, seasonality of insects is most pronounced for those from the 5-15 mm size class (Smythe 1982), the range taken most frequently by small insectivores (Hespenheide 197 1, Karr 1976, Smythe  1982) . Large-bodied insectivores, in contrast, did not show any significant seasonal pattern of abundance. Lack of seasonal variation in large insectivores may reflect lower seasonality oftheir large insect prey or the fact that many large insectivores also often feed on alternative prey, such as small vertebrates. Thus, resource availability likely influences seasonal variability of some birds observed in these censuses.
Nectarivores, because of their small size, often were difficult to observe in the canopy and their abundance likely was underestimated relative to other guilds. Nectarivores were observed more often from Tree 1 during the early wet season (Fig. 3) a period of high flower availability at La Selva (Frankie et al. 1974) but were more common at Tree 2 during late wet season (Fig. 4) , a period of low flower availability. Low numbers of observations in both trees (usually less than three individuals per census) may obscure seasonal patterns.
F. G. Stiles (pers. comm.) also has noted considerable variation in daily and weekly abundance of canopy birds that appear tied to resources. For example, when flowering, Norantea, a canopy vine, attracted large numbers of temperate migrants (F. G. Stiles, pers. comm.).
ANNUAL VARIATION IN CANOPY AVIFAUNAS
Short-term studies in the tropics provide useful information but must be interpreted cautiously (Wiens 1977; Stiles 1978 Stiles , 1983 Wolda 1978 Despite different techniques employed in censusing birds of these two strata, I believe the 20 most common species captured in mist nets (Table 4) adequately represent the common birds of the forest understory. Abundance of large, ground-dwelling birds, such as tinamous, curassows, and quail-doves are underestimated by mist nets, but form a small proportion of the avifauna, based on visual/auditory observations. Unlike the frugivore-dominated canopy, insectivores accounted for the greatest number of species in the forest understory ( 
CONCLUSIONS
Frugivores (> 100 g) and parrots dominated the canopy at La Selva. I observed significant seasonal variation among some guilds and the canopy assemblage as a whole, but seasonality of this assemblage appeared less than that observed in Panama by Greenberg (198 1). Results from a single-year study of La Selva canopy birds conducted from only two sites should be interpreted cautiously. More long-term studies on canopy assemblages with simultaneous monitoring of resources are needed.
